Purpose: Polypropylene mesh implants are frequently used for pelvic floor reconstruction in women. Yet they vary in size and fixation. The purpose of this study is to compare four mesh products with regard to their anatomical positioning and functionality within the pelvic floor, to determine whether each mesh fits equally well in a female cadaver. Methods: One female pelvis was dissected, opening the retropubic space exposing the endopelvic fascia and demonstrating the arcus tendineus fasciae pelvis (ATFP). Anatomical parameters were measured before and after implanting four meshes via the transobturator approach. Results: The anterior fixation of the ATFP was found to be 5 mm lateral to the symphysis in this cadaver. The endopelvic fascia covered 54.6 cm 2 . The obturator nerve was located 35 mm from the white line. The distance of the proximal and lateral points of mesh fixation from the ischial spine or ATFP varied from 0 to 25 mm. The meshes varied in size and anatomical positioning. Conclusion: These observations demonstrate the necessity of developing optimally sized meshes and appropriate introducer techniques that can provide sufficient vaginal support. Surgeons, furthermore, need profound knowledge of anatomy, the patientʼs pelvic floor defect and the meshes available on the market.
Introduction ! Symptomatic pelvic organ prolapse (POP) is a common disorder in women. Several surgical approaches are possible to minimize a womanʼs discomfort. Yet the recurrence rates for classical POP surgeries, e.g. anterior colporrhaphy, are high, between 20 and 30 %. This led to the call for alternative methods, which have since been developed employing alloplastic material [1] [2] [3] [4] [5] . The procedure referred to as mesh repair was invented in which the mesh is inserted either transvaginally or abdominally and fixed to the pelvis by sutures. However, elaborate preparations are necessary both to display the anatomical structures and to achieve optimal fixation of the implant [6, 7] . The introduction of a surgical approach via a transobturator route marked a turning point in POP reconstruction. Recently several companies have developed numerous alloplastic implants (meshes) of varying size, texture or form of application. Their overall aim, though, is to repair POP by reconstructing the endopelvic fascia via the transobturator route if there is a level I defect (destroyed sacrouterine ligaments) or level II defect (torn endopelvic fascia near the arcus tendineus fasciae pelvis) of the pelvic floor [1, [8] [9] [10] [11] . The importance of the endopelvic fascia and its variability in size and destruction when treating women with pelvic organ prolapse has numerously been described by several authors [6, 10, [12] [13] [14] . Most meshes are unifilar, macroporous and low in weight [15] . Implants that are predominantly polypropylene are currently used. The material has proven its physiological compatibility in the field of hernia surgery [1] . At the time this study was conducted, four frequently used products available for prolapse repair of the anterior compartment were Avaulta ® Anterior BioSynthetic Support System, Perigee™ Prolapse Repair System, Gynecare Prolift System and Seratom ® Prolapse Repair System (l " Fig. 1 ) [16] . They vary in size and shape and in their introducer needles. The latter are used to pierce the pathway through pelvic structures to suspend the implant. Tension-free insertion of the mesh has reduced the recurrence rate of cystoceles and recto-celes compared to conventional procedures, such as anterior and posterior colporrhaphy [2, 17, 18] . In order to support the bladder and vagina in the anterior compartment, the purpose of a mesh is to provide a supportive layer. Ideally this layer functions as the anterior vaginal wall, the connective tissue that attaches it to the pelvic bones through the pubovaginal portion of the levator ani muscle, and the uterosacral and cardinal ligaments forming the tendinous arch of the pelvic fascia [19] . The arcus tendineus fasciae pelvis (ATFP) extends from the posterior surface of the pubic bone to the ischial spine and the uterosacral ligament [10, 20] . For repairing anterior compartment defects, the most important structures are the endopelvic fascia (EF), the ATFP, the ischial spine and the sacrospinal/ sacrotuberal ligaments [20] . The endopelvic or pubocervical fascia is connective tissue attached to the lateral pelvic wall at the ATFP (white line). It fastens to the vagina sideways and supports the bladder. Further cranially the EF condenses to the cardinal, vesicouterine and uterosacral ligaments as cervical anchoring. In summary, the EF, as the supporting structure, and the pelvic muscles, as sustaining structures, are responsible for pelvic organ positioning [20] . The ATFP extends from the posterior surface of the pubis body to the ischial spine and the uterosacral ligament [10, 20] . Alternative surgical methods became available with the introduction of alloplastic material into POP surgery and the development of the transobturator route [21] . The classical surgical techniques do not seem to be an alternative to the use of polypropylene meshes in combination with an anterior enterocele transobturator approach for recurrent cystoceles, symptomatic traction cystoceles and vaginal stump prolapse. Although mesh implants can satisfactorily reconstruct the above mentioned defects they are often associated with numerous complications such as dyspareunia, pelvic pain syndromes, shrinking or mesh erosion and full understanding of the complicationsʼ origin has not yet been developed [15, 22, 23] . Unfortunately, the up-to-date literature does not offer any distinct guidelines with regard to mesh size or specific type of introducer needle for achieving optimal long-term effectiveness [24] . As a matter of fact, the decision as to which mesh to implant has until now been based mostly on the sur-geonʼs opinion and experience with certain mesh kits. Yet our hypothesis that led to this study was that not every mesh fits appropriately into every pelvic floor, for the anatomical situation and the prolapse are different in each patient. Therefore, the aim of this study is, on one hand, to describe the actual anatomical position of the four different polypropylene implants after reconstruction of the anterior compartment of the pelvic floor in one cadaver, and, on the other, to predict the probable advantages or disadvantages of each.
Materials and Methods

!
The pelvis of one fresh female cadaver (70 years of age, postmenopausal, without visible scars or post-surgical pelvic floor trauma) was dissected in the lithotomy position. Only one cadaver was used in this study to describe the positioning of all four frequently used meshes in one pelvic floor in order to examine the authorsʼ assumption that not all meshes fit one pelvic floor equally well. The urogynecological surgeon implanting the mesh into the cadaver had equal experience with all four products. The complete process of this study was accompanied and documented by the affiliated Institute of Anatomy and Cell Biology. Points of interest were the perforation spots created by the introducer needles in the lateral pelvic wall. From their location, we evaluated the maximum depth of a mesh implant as well as the final position of a mesh in the anterior compartment in relation to the reconstruction area of the EF. The dissection was started medially by opening the retropubic space and removing fat from the paravesical space to demonstrate the pelvic floor. After dissection of the ATFP, EF, obturator nerve, ischial spine and sacrospinous ligament, a 150-ml catheter was inserted into the bladder to demarcate it from the EF. This was followed by measuring the distances between ischial spine and ischial spine (ischial spine distance), and the length of the white line from the inner surface of the pubic bone to the most medial tip of the ischial spine. These distances define the boundaries of the EF underlying the bladder and making it possible to determine its area. In other words, the calculation of the area of the endopelvic fascia was performed by multiplying the length from the retropubic insertion of the endopelvic fascia up to the ischial spine with the interspinal distance (length × width) [25] . Chosen for examination were four meshes that were frequently used at the time this study was conducted. These were Avaulta ® Anterior BioSynthetic Support System, the Perigee™ Prolapse Repair System, the Gynecare Prolift System and Seratom ® Prolapse Repair System, which were used for anterior prolapse repair (l " Table 1 ). The meshes actually used were purchased on the market. The order in which the meshes were implanted was chosen randomly. All the implants were implanted using the original technique and introducer needles as described in the instruction manuals. Therefore a midline incision in the anterior vaginal wall was made starting 3 cm below the urethral meatus, near the bladder neck and extending to the vaginal cuff. The vaginal mucosa was dissected from the bladder laterally to the internal obturator muscle at the level of the bladder neck and proximally to the ischial spine on both sides. The point through which the introducer needles perforated the internal obturator muscle was documented during implantation. After implantation, the final position of each mesh was determined by measuring the distance from it to the relevant anatomical structures. The Perigee™ Prolapse Repair System was implanted first. We began by palpating the edge of the ischiopubic ramus commencing at the superior level of the vaginal incision, continuing along the edge of the bone towards the level of the clitoris, denoting where the long adductor tendon inserts into the pubic ramus. Superior skin incisions were placed approximately at this location and lateral to the edge of the bone. This procedure was repeated on the cadaverʼs contralateral side and confirmed that both marks were in a straight line at the approximate level of the clitoris. Afterwards the edge of the inferior pubic ramus was palpated until it ended at the bottom of the obturator foramen, and inferior skin incisions were placed on both sides. This point was approximately 3 cm below and 2 cm lateral to the superior marks. To place the anterior mesh arm, the tip of the needle was pointed perpendicular to the skin towards the superior incision. While advancing the right superior needle, the left hand thumb was first placed on the outer curve of needle to control the perforation through the obturator membrane and muscle and then pushed the needle through obturator muscle and membrane. The needle shaft and handle was positioned at a 45°angle to the patientʼs vertical axis and close to the patientʼs body. Now the handle of the needle was rotated, moving the needleʼs tip and curve around the posterior surface of the ischial pubic ramus towards the vaginal incision and the index finger placed intravaginally. After perforating the internal obturator membrane at the level of the ATFP, the distances to the ischial spine were measured. Now the needleʼs tip was directed towards the vaginal incision until it extended through it. The superior connector that had been pre-attached to the sheath covering the mesh was attached to the superior needle exiting the vaginal incision. After the connector had been attached to the needle, it was rotated back through the skin incision, pulling the connector and associated mesh insertion sheath with the graft into position. This was repeated on the contralateral side. The superior insertion was followed by the placement of the inferior mesh arm, for which the needleʼs tip was pointed perpendicular to the skin towards the inferior incision; the needleʼs orientation was parallel to patientʼs vertical axis. While advancing the right inferior needle, the left hand thumb was at first placed on the outer curve of needle to control the perforation through obturator membrane and muscle, and it then pushed the needle through obturator muscle and membrane. The needleʼs shaft and handle were positioned parallel to the patientʼs vertical axis and close to the patientʼs body. After perforation of the internal obturator membrane at the level of the ATFP near the ischial spine, the distance to the ischial spine was documented. By rotating the needleʼs handle the needleʼs tip curved towards the proximal end of the vaginal incision. The needle passage and graft connection were repeated on the cadaverʼs contralateral side. The mesh now supported the bladder and was in its final position. The several distances to the ATFP and ischial spine were measured. After documentation the implant was carefully removed so as not to destroy any anatomical structures. the pelvic floor with three arms on each side (six-point fixation). The anterior and middle pair of arms are placed via the transobturator route, and the cranial pair is additionally fixed sacrospinally and is diverted via the ischiorectal fossa. All meshes were removed after implantation and parameter documentation. l " Fig. 2 is a schematic drawing picturing each of the four products in relation to the ATFP and showing the ischial spine distance, and l " Fig. 3 shows the implanted meshes in the female corpse.
Results
!
The ATFP was fixed anteriorly 5 mm lateral to the symphysis. The distance between the drawn white line and the ischial spine was 105 mm, and the distance from ischial spine to ischial spine was 131 mm in this cadaver. A bilateral separation of the pubocervical fascia was found, whereas the posterior part appeared to be intact. Its insertion point on the medial tip of the ischial spine was well developed. Altogether the endopelvic fascia covered an area of 54.6 cm 2 . The obturator nerve was located 35 mm from the white line. The proximal fixation of the Avaulta ® Anterior BioSynthetic Support System was found 20 mm from the ischial spine. The lateral edge was 10 mm from the ATFP. The proximal edge of the mesh did not reach the interspinal distance. For the Perigee™ Prolapse Repair System the distance to the ischial spine was 25 mm, whereas the lateral distance was 20 mm. In contrast to the previous mesh, the proximal edge reached the interspinal level. Since the Gynecare Prolift System was the largest implant, its proximal fixation was only 10 mm from the ischial spine. The lateral edge touched the ATFP, while the proximal edge reached the interspinal level. The proximal fixation of the Seratom ® Prolapse Repair System was placed through the sacrospinous ligament, directly connecting the proximal edge and the fixation of the mesh close to the ischial spine and therefore reaching the interspinal level. Its lateral edge was 20 mm from the ATFP (l " Table 2, Fig. 2) .
No differences in the positioning of the distal pair of arms were noted upon comparison of the distances of the perforation spots of the different introducer needles to the onset of the ATFP at the inner side of the pubis. For the proximal pair of arms, the Prolift introducer needle differed from the other products with regard to the distance to the ischial spine. While the interspinal level could not be reached for the proximal arm using the introducer instruments from Avaulta ® and Perigee™ or for the middle arm using those from Seratom ® , it was possible to reach the interspinal level using the Prolift needle. However, for the Seratom ® mesh, it was easily possible to reach the interspinal level using the instrument for the proximal third pair of arms (sacrospinal fixation via the fossa ischiorectalis). Due to the anatomical structure of the obturator foramen and the hatchet-and helix-shaped introducer needles, it is impossible to reach above the interspinal level using the Avaulta ® , Perigee™ and Seratom ® systems. A distance of 0 mm was measured between the lateral edges of the meshes to the ATFP only for the Prolift implant (l " Table 2 ). The Prolift mesh appeared to be directly connected to the ATFP, yet in this position it was starting to wrinkle. With regard to the distance from the cranial edge of the meshes to the ischial spine, each of the implants reached the interspinal level except for the Avaulta ® Anterior BioSynthetic mesh. Discussion ! Due to the disappointing long-term results of traditional prolapse surgery and its high recurrence rates, various innovative techniques for reconstructing the pelvic floor have been introduced in the last decade [1-4, 8, 18] . The demand for new and reliable techniques made physicians search for alternatives. They pursued the idea of implanting alloplastic material (mesh) in women with advanced and symptomatic POP, but the question as to which mesh fits which woman has yet to be answered. In early attempts surgeons trimmed implants to fit each patient individually and attached them to the pelvic floor via a vaginal route using non-absorbable sutures. However, these techniques required an extensive vaginal dissection, often leading to intraor postoperative complications and an unsatisfactory surgical outcome [26, 27] . The introduction of the transobturator approach marked the beginning of a new era in vaginal prolapse surgery. The mesh implant has arms to provide the support for the prolapsed organs that the patientsʼ destroyed tissue can no longer offer. It became possible to repair defects in all three compartments of the pelvic floor and polypropylene implants became widely accepted in pelvic floor reconstruction [1, 21] . In addition, abdominal sacrocolpopexy combined with paravaginal repair has significantly reduced the risk of further cystocele surgery compared to anterior colporrhaphy and sacrospinous colpopexy. The success rates for abdominal and paravaginal repairs are between 76 and 100 %. Randomized trials are lacking, however. Several companies have launched various products. So far no reliable findings of the relative success rates of these products have been published, especially in terms of rates of recurrences or postoperative complications [2, 7] . Nonetheless, the urogynecological surgeon is compelled to decide which mesh is best for which patient in order to achieve satisfying results. To sufficiently repair defects at levels I and II in the anterior compartment of the pelvic floor, implants have to be large enough to provide support and to cover the defect, but they may not be too large in order to avoid possible complications that could be caused by overlapping material. We therefore set out to study four frequently employed mesh grafts in one female cadaver to find out whether each of the implants fits the pelvic floor of this cadaver equally well. We could show that the four meshes varied in size, application form and postsurgical placement. The anatomical dissection conducted in this study suggests that the Avaulta ® Anterior BioSynthetic Support System implant at that time was too small to cover large defects, especially level I defects. This implant achieved insufficient stabilisation of vaginal stump prolapse or enteroceles in the anterior compartment. For this reason, we would have recommended an enlargement of the implant, both in length and width, yet this productʼs successor, named Nuvia (by C. R. Bard, Inc.), had already been launched. The sizes of the Perigee™ Prolapse Repair System and the Seratom ® Prolapse Repair System are similar, but they differ in shape and placement position. In their final location both implants provide bladder support at the ischial spine level. The additional sacrospinous fixation provided by the Seratom ® Prolapse Repair System might suggest stronger support in the case of advanced level I defects, providing the capacity to resist high pressure. However, an additional step involving perforation of the fossa ischiorectalis and the sacrospinal ligament is needed to securely place this extra pair of arms. Whether this will lead to higher intra-and postoperative complication rates, which could still be acceptable tak-ing the possibly lower recurrence rates at level I into consideration, has to be proven in further studies. It is remarkable that even the Perigee product was widely replaced by the Elevate Anterior & Apical Prolapse Repair System for anterior and apical repair. The first two implants were positioned satisfyingly beneath the bladder, but we detected a distance between their lateral edges and the ATFP, leaving a gap that could potentially cause recurrent lateral level II defects. Only the Gynecare Prolift System covered the entire surface of the EF, creating the opportunity for it to cover level I and II defects completely. Yet, due to its large size, it had to be folded to make it fit into this cadaverʼs pelvic floor. It can be imagined that this duplication of the mesh material in a vital situation might lead to later complications, although this has not yet been proven in clinical studies. For a smaller anatomy, this mesh implant seems oversized for it to be placed without any overlapping or trimming. At the current state of the art, an extended vaginal dissection is necessary to conduct a complete placement of this Prolift implant. The results of our anatomical study suggest that a reduction in this implantʼs size needs to be considered. At the time of publication, the Gynecare Prolift system was removed from the American and European markets.
Concerning the introducer needles, the level above the ischial spine can only be reached to achieve a high suspension of the proximal arm of the mesh by using the Gynecare Prolift System needle and the Serasis V instrument (via the fossa ischiorectalis). All the other introducer needles are limited in suspension due to their highly curved design. The anatomy of the obturator foramen, defined by the ramus inferior ossis pubis, the ramus superior ossis pubis and the corpus ossis ischii, limits the possibility of any of these needles puncturing the internal obturator muscle at the level of the ischial spine. Both the Avaulta needle as well as the Perigee and Serasis-TO SL introducer needles perforate the internal obturator membrane, with little difference between them. Concluding from this it can be said that curved introducer needles are not optimal for high level I and II suspension of the vagina, particularly given a long vagina. In these cases the risk of recurrent vaginal stump prolapse at level I appears highly possible.
The implantation of four meshes into a single cadaver, each implantation inevitably causing further damage to the cadaverʼs pelvic floor, can be seen as a limitation of this study. Yet the use of more cadavers would most likely only demonstrate the fact that meshes fit differently in different women. It would not prevent anatomical structures and tissue from being damaged after the first implantation, but this is still to be proven in further studies. Furthermore, a direct comparison of all four meshes is limited to the fact that three meshes with four fixational points and one mesh with six fixational points were chosen for this study. Despite satisfying results being reported in the recent literature for recurrence rate and clinical outcome after mesh implants, there is a need for transobturator implants to be optimized [8] .
Our observations describe the necessity of developing an optimally sized mesh as well as an appropriate introducer technique to provide sufficient vaginal levels I and II support in the anterior compartment. This and the profound knowledge of the patientʼs anatomical structures as well as the prolapse situation might reduce the risk of complications (e.g. erosions, dyspareunia, pelvic pain) often mentioned in combination with mesh surgery or help the physician understand the origin of postsurgical pain situations better. Yet prospective randomised long-term trials comparing different commercial products are necessary to validate this impression [15] . Additionally, maybe even the use of presurgical diagnostical tools such as 3D ultrasound or magnetic resonance imaging to document pelvic structures and distances could be useful for the physician to decide upon a suitable mesh implant. Although this, too, needs to be evaluated in further studies [28] . To develop more efficient meshes, the expert opinion of clinical urogynecologists should be involved in addition to the manufacturerʼs opinion. It nevertheless seems clear that there is probably no ideally fitting mesh that suits every woman equally perfectly. To overcome this dilemma it seems necessary for urogynecological surgeons to have both great knowledge about the majority of products on the market and access to a broad variety of products. The surgeons would then be able, while in surgery, to decide which mesh to use after dissecting the vaginal wall and obtaining an anatomical overview of the patientʼs pelvic floor. We are conscious of the fact that this is unfortunately not always practicable in everyday clinical life.
Conclusion for Practice
!
The urogynecologist needs profound knowledge of anatomical structures and the mesh implants accessible on the market.
